bone loss, patient age and activity level. Bone loss around the proximal femur is an important issue in revision THA. Cancellous femoral impaction grafting enables recovery of bone stock, but its results vary and in part depend on surgical technique. [4] [5] [6] The titanium Wagner self-locking uncemented tapered stem also tackles the bone loss issue, 7, 8 but the problem of subsidence remains. 9 An uncemented porous-coated stem enables bone in-growth, but stress shielding (leading to proximal bone loss) can be a long-term problem; its success depends on whether a good bone-prosthesis fit is achieved. [10] [11] [12] [13] Revision THA using a titanium uncemented modular tapered stem achieves good outcome. 14, 15 We assessed the mediumterm outcome of revision THA using such a stem.
Materials and Methods
According to the New Zealand Joint Registry, 421 patients underwent revision THA using a titanium uncemented modular tapered stem between January 1999 and December 2006 (in which the stem remained in situ). 66 of the patients underwent re-revision (ranging from a second to a fifth re-revision).
The PFM (Centrepulse, Winterthur, Switzerland) and Revitan (Zimmer, Warsaw, Indiana, USA) stems are similar device. The Revitan stem consists of a proximal body that comes in 6 heights each with the same 44 mm offset and a neck shaft angle of 135º. The distal portion comes in 4 lengths and a varying number of diameters. The version of the proximal portion on the distal varies from 40º to -40º ( Fig.) . The prosthesis gains primary stability by its tapered configuration distally, sometimes proximally in the metaphysis by the proximal body taper, or by 3-point fixation though the bow of the femur when a long distal portion is used.
Figure
The Revitan total hip arthroplasty. A questionnaire was mailed to each of the 421 patients. It was composed to reveal the Charnley classification 16 (unilateral, bilateral, and multiple joint arthroplasty as classes A, B, and C, respectively), the modified 12-item Oxford hip score [17] [18] [19] (a validated disease-specific self-reported health measure, with scores ranging from 0 to 48), and the Devane patient activity level 20,21 (a more holistic indicator of patient mobility and independence).
For the Oxford hip score, if 2 responses were entered for one item, the lower one was recorded. 18 If one or more items were unanswered, the mean score of all others was entered for the missing items. 18 Patients with bilateral revision THA were asked to compare both sides in terms of pain and limitation of movement. The Oxford hip scores were graded into excellent, good, fair, and poor outcomes (as validated previously). 17 Comparisons were made with the New Zealand Joint Registry.
The Bonferroni correction was used to minimise the probability of the family-wise error rate (the probability of making one or more false discoveries) as multiple comparisons were made. Each p value was adjusted by the number of comparing subgroups using the Bonferroni correction. As the Oxford hip scores of our cohort of patients were not normally distributed (Table 1) , non-parametric analysis was used, and the spread of data was assessed using medians and interquartile ranges (IQRs). The Mann-Whitney 2-sample test was used to compare the median Oxford hip scores of the subgroups of stem-only revision, all-component revision, and rerevision. The Kruskal-Wallis H sample test was used to identify any statistical difference between the Devane patient activity levels within the 3 Charnley classes. An adjusted p value of <0.05 was considered statistically significant.
results 323 (77%) of the patients responded. The mean follow-up duration was 6.6 years. 23 patients omitted one or more items in the Oxford hip score. 12 patients underwent bilateral revision THA; only one of them added comments comparing both sides in terms of pain and limitation of movement.
The mean Oxford hip score of the 323 patients was 35.7 (standard deviation [SD], 10.3; range, 4-48; 95% confidence interval [CI], 34.6-36.9; median, 38; interquartile range, 30-44), compared to 35.8 (SD, 9.6; range, 1-48) for all-component revision at postoperative 6 months in the New Zealand Joint Registry. 22 The Oxford hip scores in 36% of the patients were graded as excellent, 30% as good, 18% as fair, and 17% as poor ( (IQR, 29-44), 39.9 (IQR, 30-45), and 30 (IQR, 19-37), respectively. The difference was significant between all-component revision and re-revision (adjusted p=0.003) and between stem-only revision and re-revision (adjusted p=0.037), but not between all-component revision and stem-only revision (adjusted p=0.075).
Regarding patient distribution according to the Charnley class (Table 3 ) and the Devane patient activity level (Table 4) , the difference was significant between the mean Oxford hip scores of Charnley classes B and C (adjusted p=0.017), and between the Devane patient activity levels of Charnley classes A and C (adjusted p=0.043).
discussion
According to the New Zealand Joint Registry, Oxford hip scores at 6 months and 5 years were not significantly different. 22 This enabled comparison of the national 6-month outcome with the mediumterm outcome of the PFM/Revitan stems. In our study, the Oxford hip scores between the subgroups of stem-only revision and all-component revision were not significantly different. This indicated that the outcome of the PFM/Revitan stem-only revision was similar to that of other stem-only revision or allcomponent revision.
Patients with re-revision THA had poorer Oxford hip scores; loss of bone stock with each failure decreased the survival of the femoral prosthesis. 23 The activity levels of our patient cohort were moderate; this protective factor may have contributed to the good medium-term outcome. Revision at a younger age is associated with early failure of the prosthesis; the patient's activity level may therefore be a better predictor of failure than age, 3 although patient's activity leval and age are unlikely to be mutually exclusive. As the patient age in the initial New Zealand Joint Registry was not reviewed, no conclusion could be drawn as to whether patient age or activity level was the better predictor of outcome.
Over time, arthritic involvement progresses from Charnley class A (unilateral) to C (multiple). 5 The questionnaire should have asked about hip and other joint involvement while walking 24 rather than whether both hips have been operated on. We should have sent 2 questionnaires, one for each hip at a time, 18 rather than modifying the Oxford hip score. This may have improved the validity of the study. It is difficult to assess how this would have impacted overall outcomes as the validated Oxford hip score is disease-specific, but is likely to be influenced by similar disease at different locations.
Cemented stems for revision THA are generally recommended for older, less active patients. 2 In a medium-term study of impaction grafting with cemented stems, 6 the results were excellent, with low rates of subsidence. This was attributed to the geometry of the double tapered Charnley-Kerboull cemented stem, good operative technique, and the mechanical resistance of the graft. The Wagner selflocking stem is recommended for patients with severe proximal bone deficiency. [7] [8] [9] The use of Dall-Miles femoral cerclage may reduce the rate of subsidence. 25 Medium-term outcomes of uncemented extensively porous-coated femoral stems was excellent, as reflected by the Harris hip score. 13 Having a maximal bone-implant interface is the key to success, 10-12 but stress shielding remains a problem over the medium to long term. 13 
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